Background. In the elderly, kidney transplantation is associated with increased survival and improved health-related quality of life compared with dialysis treatment. We aimed to study the short-term health economic effects of transplantation in a population of elderly kidney transplant candidates.
INTRODUCTION
In the elderly, kidney transplantation is an expensive treatment with increased morbidity and mortality in the early postoperative phase. However, in patients with end-stage renal disease (ESRD), successful kidney transplantation increases long-term survival and is superior to long-term dialysis [1] [2] [3] . It has recently been documented that older kidney transplant recipients report better health-related quality of life (HRQoL) compared with patients on the transplant waiting list [4] .
A limiting factor for offering kidney transplantation to all ESRD patients is the scarcity of organs. Consequently, the waiting time for an organ is long in most countries [5, 6] . Several efforts have been made to increase the number of donors [7] [8] [9] [10] [11] , but the shortage remains. Many centres are therefore reluctant to enlist elderly patients.
In a recent paper from Sweden, the overall costs for dialysis treatment and kidney transplantation were compared over a 10-year period. The authors concluded that 66-79% of the expected health care costs over 10 years were avoided through kidney transplantation [12] and that kidney transplantation is more cost effective compared with long-term dialysis treatment in patients of all ages.
Quality-adjusted life years (QALYs) is a measure of health that includes both the quality and duration of life. In the evaluation of different treatment alternatives, a cost-utility analysis with comparisons of cost per QALY for each alternative should be performed. Lower cost per QALY has been described for adult patients after kidney transplantation when compared with dialysis [13] . However, the mean age of the transplant population in that study was 43.7 6 12.5 years, indicating that a small number of older patients were included.
The aims of the present study were to evaluate the 1-year health effect of kidney transplantation expressed as selfperceived health and QALYs in a population of older (65 years) patients listed for kidney transplantation at the Norwegian national transplant centre and estimate the cost-effectiveness for transplantation compared with dialysis in a short-term perspective.
MATERIALS AND METHODS
Data were retrieved from a study database (QUESTION65) including 289 patients 65 years of age who were accepted for kidney transplantation at the Norwegian national transplant centre at Oslo University Hospital. The study was primarily initiated to evaluate HRQoL by the Kidney Disease Quality of Life Short Form questionnaire [14] from patients on the transplant waiting list and until 5 years post-transplant [4, 15] . During the inclusion period, 66% of all Norwegian eligible wait-listed patients 65 years of age were included. Apart from the fact that those not included were slightly younger than those who were included (69.8 6 4.1 versus 71.1 6 4.1 years), no major differences were observed [4] . The regional ethics committee approved the study and all patients included signed an informed consent form. Data retrieval for the current cost-utility study was performed on 5 February 2018.
For health-utility analyses, 36-item Short Form Health Survey (SF-36) data were converted to the 6-dimension Short Form (SF-6D). Based on the SF-6D, a preference-based single utility index (SF-Index) was derived as a measure of health [16] [17] [18] [19] . An SF-Index of 0 is equivalent to death, whereas an SF-Index of 1 indicates perfect health. Pre-transplant SF-Indices were derived based on the SF-6D collected at baseline and at 6 and 12 months after baseline. Post-transplant SF-Indices were derived at 2, 6 and 12 months after transplantation.
QALYs were computed for 1 year on the transplant waiting list and 1 year after kidney transplantation. In the calculation of individual QALYs, any missing SF-Index value was imputed, if possible, as the mean of existing values before and after the missing value. Patients with no valid pre-transplant SF-Index values were excluded from all QALY analyses (n ¼ 4). Patients with no valid post-transplant SF-Index values were excluded from post-transplant QALY analyses (n ¼ 25). Patients who were censored had their last value before censoring imputed for the rest of the interval. Patients who died during the observation period were given an SF-Index value of 0 from the time of death and through the rest of the year. The mean value of the SF-Index at the margins of each time interval was considered a representative for that interval and these mean values were summarized to individual QALYs for 1 year on the waiting list/posttransplantation. The mean of all individual QALYs was then tested statistically for patients on the waiting list versus transplanted patients.
Direct economic costs were not available for the study population and hence values reported from a similar population in Sweden by Jarl et al. [12] were used. The Swedish data did not discriminate between pre-emptive and dialysis patients on the waiting list (J. Jarl, personal communication, 18 October 2018). We have consequently used the same costs for all patients on the waiting list, independent of their dialysis status.
The median survival was imported from the Norwegian Renal Registry for patients 65 years of age who were either listed for transplantation between 2012 and 2017 (n ¼ 437) or received a kidney transplant between 2007 and 2017 (n ¼ 689). Survival data were retrieved on 6 December 2018. Survival on the waiting list was counted from the date of wait-listing until death or censoring due to transplantation or date of survival data retrieval. Post-engraftment survival was counted from the time of transplantation until death or censoring due to the date of data retrieval. According to these data, the median survival on the waiting list without transplantation was 4.4 years versus 8.1 years for those who received a transplant (A. Å sberg, personal communication, leader of the Norwegian Renal Registry). No statistical comparison of survival was performed.
Statistics
Normally distributed continuous data were reported as mean 6 standard deviation (SD) and compared using an independent ttest. The last SF-Index before transplantation was compared with the SF-Index at 1 year using a paired t-test. Skewed continuous data were reported as median (range) and compared using a Mann-Whitney test. Categorical data were reported as number (%) and compared using Fisher's exact test. All statistical tests were two-sided. Statistical significance was defined as a Pvalue <0.05. All statistical analyses were performed using the SPSS for Windows version 25 (IBM, Armonk, NY, USA).
SF-Index
By 5 February 2018, 153 patients had been followed for 1 year post-transplant and 132 patients (86%) had completed the 1year HRQoL questionnaire. Twelve patients were excluded because of missing values, interfering with the calculation of the SF-Index, leaving 120 patients (78%) for the comparative analyses of SF-Index. Among the 80 patients who were on dialysis at their last visit before transplantation, 60 (75%) received haemodialysis and 20 (25%) received peritoneal dialysis. The median time on dialysis for these recipients was 20.0 months (range 2.2-62.7) for haemodialysis and 20.0 months (range 6.1-44.1) for peritoneal dialysis (P ¼ 0.313). Further demographic and clinical data for the SF-Index comparative cohort (n ¼ 120) are presented in Table 1 . Figure 1 shows a flow chart describing the population at different times. The SF-Index at 12 months post-transplantation was significantly higher than the SF-Index at the last visit before transplantation. This was valid both for pre-emptive and dialysis patients ( Table 2) .
A complementary analysis of the SF-Index including all patients with a valid index at each time of visit was also performed to evaluate any differences between pre-emptive patients and patients on dialysis (Table 3, Figure 2 ). There were no statistically significant differences between pre-emptive patients and patients on dialysis. Furthermore, SF-Index values decreased on the waiting list but increased post-transplant.
QALYs
Since there was no statistical difference in the SF-Index between pre-emptive and dialysis patients (Table 3) , we chose to include all patients in the calculation of QALYs. In total, 4 of 289 patients were excluded from the pre-transplant and 29 of 205 patients were excluded from the post-transplant QALY evaluations because of missing values; consequently 285 and 176 patients were included in the pre-and post-transplant QALY analyses, respectively. The mean SF-Index for each interval of the first year on the waiting list and post-transplant are presented in Table 4 . The first year on the waiting list represents 0.686 6 0.11 QALYs compared with 0.710 6 0.14 QALYs for the first year post-transplant (P ¼ 0.047).
To explore the effect of imputation of missing SF-Index values described in the 'Materials and Methods' section, we performed a sensitivity analysis in which all patients observed <1 year were excluded. This analysis resulted in a QALYs of 0.713 6 0.14 for the first year after transplantation and 0.686 6 0.11 for 1 year on the waiting list. This indicates that our original method with imputation of missing values did not overestimate the positive effect of transplantation.
Cost per QALY
Based on data from a Swedish study [12] , the expected cost for the first year after transplantation is e62 551. For patients on the waiting list, the expected cost is estimated to be e52 476. The cost per QALY for the first year after transplantation is consequently e62 551/0.710 ¼ e88 100 compared with e52 476/ 0.686 ¼ e76 495 for the first year on the waiting list.
Incremental cost-effectiveness ratio (ICER)
According to these figures, the ICER for 1 year after transplantation is (62 551-52 476)/(0.710-0.686) ¼ e419 792/QALY (i.e. the cost for each QALY gained by transplantation).
DISCUSSION
It is important to understand the costs and benefits of transplantation to determine whether elderly patients with ESRD should be offered this treatment option. In the present study we found that self-perceived health in older kidney transplant recipients improves shortly after transplantation. In addition, our results indicate that kidney transplantation in older age offers the patient a QALYs gain after 1 year. However, according to the ICER, transplantation is not cost effective the first year after transplantation.
Jarl et al. [12] recently described that kidney transplantation saves from e41 000/year (Year 2 and 3) to e34 000/year (Year 10) compared with no transplantation, independent of patient age. In their analysis, the reduced costs after transplantation are evident from Year 2. A preliminary analysis of HRQoL data from the 64 patients who completed the 3-year survey indicates that the SF-Index remains at the same level at least within the first 3 years (data not shown). For this age group, estimated survival post-engraftment is, according to data from the Norwegian Renal Registry, 8 years compared with 4 years for those not receiving a transplant. According to Jarl et al. [12] , 4-years survival on the waiting list constitutes a cost of e209 904, while 8 years survival post-engraftment constitutes a cost of e148 131. Consequently, it should be anticipated that kidney transplantation will be long-term cost effective since QALYs should be higher and costs lower. However, this should be confirmed in studies with longer observation times.
In a publication from 2008, Kontodimopoulos and Niakas [13] analysed lifelong QALYs in patients on renal replacement therapy by treatment modality. They included 642 patients on haemodialysis, 65 patients on peritoneal dialysis and 167 patients after kidney transplantation. The mean age was 58 years for dialysis patients and 44 years for transplant recipients. Cost per QALY for haemodialysis was e60 353, for peritoneal dialysis it was e54 504 and for kidney transplantation it was e45 523 the first year, declining to e21 322 at 3 years post-transplant, resulting in a lifelong cost of e11 981/QALY, which is lower than our estimates. This may be explained by inflation and different costs in Scandinavia and Greece. Perhaps the most important difference between the two studies is that while we used data from the same patients before and after transplantation, they used cross-sectional data obtained only once and from different cohorts. In our opinion, their design introduces an important selection bias exemplified by a significant age difference between transplant recipients and patients on dialysis. Calculation of the exact costs for each patient was not performed in any of the studies. Kontodimopoulos and Niakas [13] obtained national cost data from Greek dialysis facilities and from a report by the Hellenic National Transplant Organization, while we based our study on cost data obtained from our closest neighbouring country.
Offering kidney transplantation to an elderly population may result in increased waiting time for younger patients, thereby introducing increased costs to this group of patients who in many cases are employed and produce income to the society. However, increased use of organs from older deceased donors for older recipients [7, 8, 20] may counteract this negative effect since these organs often are found unsuitable for younger patients.
Except from a borderline significant difference at baseline, we did not find any difference in the SF-Index between preemptive patients and dialysis patients on the waiting list. A possible explanation may be that pre-emptive patients experience several symptoms of uraemia that influence their perception of health. Patients on dialysis should have fewer uraemic symptoms as the uraemic toxins are removed in dialysis, but on the other hand, their perception of health may be impaired by the dialysis treatment itself. It is also possible that the SF-Index is not sensitive enough to capture these subtle changes.
Our results support the practice of no formal upper age limit for acceptance to the transplant waiting list. Even though, according to our study, kidney transplantation is associated with higher costs the first year, it should be expected to be more cost effective than dialysis in the long run. It should be noted that the survival benefits described in previous studies are based on data published between 1999 and 2010 including patients who received their transplant in the early 1990s [1] [2] [3] . Since then, several medical improvements have been introduced, especially in the treatment of cardiovascular diseases [21] , the most important cause of death in patients with advanced chronic kidney disease [22] . In addition, the prevalence of smoking has been markedly reduced in the same period, at least in the western world [23] . It is therefore possible that patients starting renal replacement therapy at that time had different risks than those starting renal replacement therapy today. Kaballo et al. [24] recently described that even though adult transplant recipients had better long-term survival than patients on dialysis, the time to 'death risk equilibration' was longer than that described in previous studies. In a recent publication from France, Legeai et al. [25] found no clear survival benefit of transplantation in recipients 70 years of age compared with patients remaining on the waiting list. In this setting, a cost-utility analysis demonstrating that kidney transplantation provides improved health for lower costs than dialysis is an important argument when discussing criteria for acceptance to transplantation.
Our study has some limitations. Most importantly, we did not have available costs for Norwegian patients but chose to use costs from a recent Swedish publication. This may reduce the accuracy of our results, but since Norway and Sweden are very similar both with respect to socio-economic status and organization of the health care system, it is reasonable to assume that the costs are comparable and that any bias should be evenly distributed between dialysis and transplantation. Furthermore, we have no post-transplant data from patients who lost their graft (n ¼ 13). It would be reasonable to believe that these patients should perform worse than those with functioning grafts and consequently our results may overestimate the post-transplant values. Finally, there were some missing values and we therefore had to impute some values as well as exclude a number of patients from the QALYs analyses. This imputation obviously introduces an inaccuracy, but despite this, we strongly believe that our measurements are far more accurate than those based on a single measurement.
Finally, our main observation period is only 1 year and consequently we cannot make any firm conclusions about the cost-utility in a long-term scenario. However, others have reported that the costs post-transplant stay low for several years [12, 13] , and despite a possible increase in costs at an earlier time in older recipients, the large difference between the costs makes it unlikely that cost per QALY over time would become higher in transplant recipients compared with dialysis patients.
An important strength is the before-after design that makes it possible to compare health utility pre-and post-transplant, patient by patient. Our data describe an almost linear decrease of the SF-Index during the last year before transplantation (Table 3, Figure 2 ) followed by a marked increase after transplantation. This change in the trend of patients' self-perceived health is most likely a result of the transplantation, suggesting that the last year before transplantation is in fact a good indication of how the patients would have performed in the absence of transplantation.
CONCLUSION
The present study demonstrates that kidney transplantation improves health but also has higher costs per QALY at 1 year post-transplant compared with no transplantation in ESRD patients >65 years of age. Preliminary analyses suggest a favourable long-term effect in terms of health and costs per QALY. Further evaluations should be performed to address the long-term health economic effects, preferably combined with costs obtained from the same cohort.
